Introduction {#S0001}
============

As we all know, radiotherapy is one of the most important treatment modalities for patients with head and neck cancer (HNC). An acute radiation induced oral mucositis (OM) is one of the most common adverse reactions during radiotherapy for patients with HNC, and can be characterized by dry mouth, pain of mouth and pharynx, oral inflammation, and pseudomembrane formation.[@CIT0001],[@CIT0002] Oral mucous membranes are easy to be broken, to bleed, and to form ulceration during radiotherapy. This will impair the ability to eat, influence the patients seriously, and even lead to the interruption of radiotherapy.[@CIT0003] Therefore, finding effective prevention and treatment methods for radiation induced OM become great concerns for clinical practice. It is well known that cryogenic treatment plays an important role in dealing with OM.[@CIT0004] Low temperature can inhibit the inflammatory response, reduce mucosal edema, and decrease pain for the patients.[@CIT0005] An in vitro study shows that tissue-engineered oral mucosal models incubated at 20°C can increase cell viability and reduce interleukin (IL)-6 and tumor necrosis factor (TNF)-ɑ production compared to the models treated with 5-fluorouracil (5-Fu) incubated at 35°C.[@CIT0006] However, another study can't detect any difference in cytokine IL-6 level and find significant systolic pressure increase after oral cooling in healthy volunteers.[@CIT0007] Also, quadruple fluid aerosol inhalation can be used for the radiation induced OM in patients undergoing radiotherapy via inhibiting the secretion of EGF in the saliva.[@CIT0008] Hence, we considered to make a combination of cryogenic treatment and fluid aerosol inhalation called low-temperature atomization inhalation as a new method to enhance the prevention effect. Our hypothesis of this study was that the combination of cryogenic treatment and fluid aerosol inhalation would reduce the injury of oral mucosa caused by radiotherapy dramatically through inducing vasoconstriction and then decreasing the secretion of IL-6, TNF-ɑ, and EGF. We enrolled 68 patients with HNC undergoing radiotherapy to assess the prevention effect of low-temperature atomization inhalation for radiation-induced OM.

Patients and methods {#S0002}
====================

Patient characteristics {#S0002-S2001}
-----------------------

The study protocol was approved by the Ethics Committee at the Institutional Review Board in the First Hospital of China Medical University, in accordance with the Declaration of Helsinki. A total of 68 patients with HNC (including nasopharyngeal cancer) were enrolled in this study. All patients provided written informed consent for attending this study. These patients received continuous radiotherapy at our hospital between March 2015 and December 2015. They were divided into two groups. The intervention group included 33 cases, and the control group included 35 cases. The inclusion criteria consisted of: 1) pathological diagnosis of HNC with Karnofsky Performance Status (KPS) 70 points or higher; 2) patients were required to quit smoking and drinking from the beginning of radiotherapy; 3) patients could tolerate low-temperature air without airway hyper-responsiveness; 4) no pre-existing inflammation in the oral mucosa; 5) no induction and/or concurrent chemotherapy; and 6) patients were able to cooperate with the treatment as required.

Radiotherapy treatment {#S0002-S2002}
----------------------

All patients received definitive simultaneous integrated boost intensity-modulated radiotherapy (SIB -- IMRT): gross tumor target (GTV) 2.12 Gy/fraction, and high-risk clinical target 1.82 Gy/fraction, with a total fraction of 33; low-risk clinical target 1.82 Gy/fraction, with a total fraction of 28. The radiotherapy was delivered five times per week from Monday to Friday.

Procedure for atomization inhalation {#S0002-S2003}
------------------------------------

The standard operating procedure for atomization inhalation included steps as follows: 1) Make sure the connecting parts were closely connected, and all the switches were on the apparatus; 2) Add 250 mL distilled water into the bottom of the tank to form a 3 cm liquid level immersing the perforated film of the spray; 3) After inspecting for leakage, add 30--50 mL of the distilled water to the atomization tank, place it back onto the water tank, and cover tightly; 4) Ensure the patients were in a comfortable position, and instruct them to breathe deeply; 5) Increase the intensity of fog gradually, from medium to heavy, avoiding respiratory discomfort of the patients stimulated by the instant cold fog; and 6) Keep delivering the treatment for 20 minutes.

Evaluation of OM {#S0002-S2004}
----------------

According to the Common Terminology Criteria for Adverse Events (CTCAE) version 4.03 combining with the Radiation Therapy Oncology Group (RTOG) criteria, we evaluated the incidence and severity of radiation induced OM every week during the course of radiotherapy until completion. The severity of OM was classified to five grades via CTCAE: Grade 1: Asymptomatic or mild symptoms; intervention not indicated. Grade 2: Moderate pain; not interfere with oral intake; modified diet indicated. Grade 3: Severe pain; interfering with oral intake. Grade 4: Life-threatening consequences; urgent intervention indicated. Grade 5: Death.[@CIT0009] It was also classified to five grades via RTOG criteria: Grade 0: Basically no change. Grade 1: Irritation/may experience mild pain not requiring analgesic. Grade 2: Patchy mucositis that may produce an inflammatory serosanguinous discharge/may experience moderate pain requiring analgesia. Grade 3: Conﬂuent ﬁbrinous mucositis/may include severe pain requiring narcotic. Grade 4: Ulcer, hemorrhage, or necrosis.[@CIT0010] Patients with OM of Grade 1 (asymptomatic) (CTCAE) and/or Grade 0 (RTOG criteria) were defined as a 0 group. Patients with OM of Grade 1 (mild symptoms) to Grade 2 (CTCAE) and/or Grade 1 to Grade 2 (RTOG criteria) were defined as a mild group. Patients with OM of Grade 3 to Grade 5 (CTCAE) and/or Grade 3 to Grade 4 (RTOG criteria) were defined as a severe group.

Atomization inhalation and treatment for OM {#S0002-S2005}
-------------------------------------------

The intervention group received distilled water atomization inhalation at a low temperature (the distilled water was kept in the medical cryogenic refrigerator at a temperature between 4°C and 8°C), whereas the control group received distilled water atomization inhalation at room temperature (the distilled water was between 18°C and 24°C). Atomization inhalation was performed twice a day, 20 minutes per time, from the beginning of radiotherapy until completion. All patients were given regular oral care before and after radiotherapy and requested to rinse the mouth after eating. There was no additional treatment to patients in the 0 group. Patients in the mild group were treated by the solution containing 500 mL physiological saline, 10 mg dexamethasone, 160,000 U gentamicin, and 10 mL lidocaine 3 times/day. Patients in the serve group might be treated by oxycontin and parenteral nutrition.

Evaluation of dryness of oral cavity {#S0002-S2006}
------------------------------------

Dryness of the oral cavity was evaluated via RTOG acute radiation morbidity scoring criteria to the salivary gland at the completion of radiotherapy.[@CIT0011] Grade 0: No change over baseline. Grade 1: Mild mouth dryness/slightly thickened saliva/may have slightly altered taste such as metallic taste/these changes were not reflected in alteration in baseline feeding behavior, such as increased use of liquids with meals. Grade 2: Moderate-to-complete dryness/thick, sticky saliva/markedly altered taste.

Statistical analysis {#S0002-S2007}
--------------------

Data analysis was conducted with SPSS, version 19.0. The proportions of patients in different groups were compared using Pearson's chi-square test (or Fisher's exact test, when appropriate). Mean resources were compared using independent-samples *t*-test. A *P*-value of \<0.05 (two-tailed) was considered to be statistically significant.

Results {#S0003}
=======

Patient characteristics {#S0003-S2001}
-----------------------

As shown in [Table 1](#T0001){ref-type="table"}, there was no significant difference between the intervention group and the control group among age, sex, Eastern Cooperative Oncology group (ECOG) score, body mass index (BMI) before radiotherapy, BMI loss during radiotherapy, original tumor site, pathological type, TNM stage, or mean oral cavity irradiated dose. Table 1Patient characteristics and comparison between the two groupsCharacteristicsNo. of all patients (%)No. of patients in intervention group (%)No. of patients in control group (%)*P*-value**Age (years)** \<6547 (69.1)22 (66.7)25 (71.4)0.671 ≥6521 (30.9)11 (33.3)10 (28.6)**Sex** Male42 (61.8)19 (57.6)23 (65.7)0.490 Female26 (38.2)14 (42.4)12 (34.3)**ECOG** 018 (26.5)8 (24.2)10 (28.6)0.848 143 (63.2)22 (66.7)21 (60.0) ≥27 (10.3)3 (9.1)4 (11.4)**BMI** \<18.55 (7.4)3 (9.1)2 (5.7)0.861 18.5--22.950 (73.5)24 (72.7)26 (74.3) ≥2313 (19.1)6 (18.2)7 (20.0)**BMI loss** 09 (13.2)4 (12.1)5 (14.3)0.900 ≤244 (64.7)21 (63.6)23 (65.7) \>215 (22.1)8 (24.2)7 (20.0)**Original tumor site** Nasopharyngeal cancer35 (51.5)19 (57.6)16 (45.7)0.786 Laryngeal cancer18 (26.5)8 (24.2)10 (28.6) Oral cavity cancer7 (10.3)3 (9.1)4 (11.4) Other8 (11.8)3 (9.1)5 (14.3)**Pathological type** Non-keratinizing cancer32 (47.1)17 (51.5)15 (42.9)0.714 Squamous cell cancer33 (48.5)15 (45.5)18 (51.4) Other3 (4.4)1 (3.0)2 (5.7)**TNM stage** I31 (45.6)17 (51.5)14 (40.0)0.432 II36 (52.9)16 (48.5)20 (57.1) III1 (1.5)0 (0.0)1 (2.9)**Mean oral cavity irradiated dose (Gy)** \<4027 (39.7)11 (33.3)16 (45.7)0.297 ≥4041 (60.3)22 (66.7)19 (54.3)[^1]

Incidence and severity of OM {#S0003-S2002}
----------------------------

As shown in [Table 2](#T0002){ref-type="table"}, there was a significant difference in the incidence of OM between the two groups when the total radiation dose reached 30 Gy (42.4% in the intervention group vs 68.6% in the control group, *P*\<0.05), as well as when the radiotherapy was completed (78.8% in the intervention group vs 91.4% in the control group, *P*\<0.05). There were fewer patients with severe OM in the intervention group compared to the control group both at the 30 Gy radiation dose and at the completion of radiotherapy (6.0% and 18.2% in the intervention group vs 22.9% and 51.4% in the control group respectively, *P*\<0.05). In the intervention group, all patients achieved the radiotherapy as planned without any interruption, while two patients had to interrupt the radiotherapy due to the severe OM in the control group. Table 2Incidence and severity of OM between the two groupsGroupRadiation dose at 30 GyRadiation at completion0 (%)Mild (%)Severe (%)*P*-value0 (%)Mild (%)Severe (%)*P*-valueIntervention19 (57.6)12 (36.4)2 (6.0)0.0447 (21.2)20 (60.6)6 (18.2)0.014Control11 (31.4)16 (45.7)8 (22.9)3 (8.6)14 (40.0)18 (51.4)[^2]

The onset time of OM {#S0003-S2003}
--------------------

As shown in [Table 3](#T0003){ref-type="table"}, the onset time of OM in the intervention group was delayed about 4 days compared to that in the control group (16.55 days in the intervention group vs 12.63 days in the control group, *P*\<0.05). Furthermore, no patient in the intervention group suffered any adverse reaction for low-temperature atomization inhalation treatment. Table 3The onset time of OM between the two groupsGroupNo. of patientsTime (days, x±s)*P*-valueIntervention3316.55±3.760.007Control3512.63±3.14[^3]

Incidence and severity of dryness of oral cavity {#S0003-S2004}
------------------------------------------------

As shown in [Table 4](#T0004){ref-type="table"}, patients suffering from Grade 1 and Grade 2 dryness of oral cavity made up 75.8% and 15.2% in the intervention group and 68.6% and 20.0% in the control group, respectively. There was no significant difference on the incidence and severity of dryness of the oral cavity between the two groups (*P*\>0.05). Table 4Incidence and severity of dryness of the oral cavity between the two groupsGroupRadiation at completion0 (%)1 (%)2 (%)*P*-valueIntervention3 (9.1）25 (75.8)5 (15.2)0.803Control4 (11.4)24 (68.6)7 (20.0)

Discussion {#S0004}
==========

Oral mucositis refers to inflammation of the oral mucosa resulting from cancer therapy typically manifesting as atrophy, swelling, erythema, and ulceration.[@CIT0012] It can be induced by either chemotherapy or radiotherapy. There are different characteristics of OM from different causes. Chemotherapy induced mucositis often appears very quickly after drug administration and peaks within 2 weeks, while radiation-induced mucositis has a more gradual clinical course. Usually, when the radiation doses reach 15 Gy, radiation-induced mucositis begins to appear and becomes severe gradually. It will last for weeks or even months.[@CIT0012] In clinical practice, concurrent chemo-radiotherapy will increase the incidence and severity of OM in HNC patients. Vera-Llonch et al[@CIT0013] found that 83% of HNC patients developed OM undergoing radiotherapy, especially in patients with nasopharyngeal or oropharyngeal tumors, and those who received total doses over 50 Gy or with chemotherapy. So in this study, most patients we enrolled were with AJCC (2010) stage I and II who underwent definitive radiotherapy and didn't need to do induction chemotherapy and/or concurrent chemoradiotherapy. Only one patient with stage III who refused chemotherapy was also included. Because we were with the only interest to radiation induced OM.

Besides chemotherapy, some other factors were also associated with the incidence of OM, including total radiation doses and volume, nutritional status, changes of body weight, smoking, and drinking.[@CIT0014] In this study, we excluded patients who underwent surgery plus postoperative radiotherapy. Because the total radiation doses were not equal between postoperative radiotherapy and definitive radiotherapy. Therefore, all 68 patients in our study underwent definitive radiotherapy with 69.96 Gy to the gross tumor target. The volume of irradiated tissue varied from different types of cancer, as well as different patients. Orlandi et al[@CIT0015] found that mean oral cavity irradiated dose was the most important factor affecting OM. Hence, we were trying to use the mean oral cavity irradiated dose instead of the volume of irradiated tissue. There was no significant difference between the intervention group and the control group. According to Gu et al,[@CIT0016] we applied BMI before radiotherapy to represent the nutrition status of patients, and BMI loss to represent changes of body weight during radiotherapy. We found that both BMI before radiotherapy and BMI loss during radiotherapy were with no significant difference between the two groups. The inclusion criteria of this study included that patients were required to quit smoking and drinking from the beginning of radiotherapy. So we didn't analyze the impact of smoking and drinking. Furthermore, the two groups were comparable among age, sex, ECOG score, original tumor site, pathological type, and TNM stage. In this case, the different incidence of OM between the two groups should come from the prevention effect of low-temperature atomization inhalation.

In another study, Elting et al[@CIT0017] found that OM occurred in 91% of 204 HNC patients treated by radiotherapy with or without chemotherapy, which would lead an incremental cost of \$1,700--\$6,000 in the US. So we needed to find preventive strategies to reduce the excess cost.[@CIT0017] Therefore, we developed this study to assess the prevention effect of a new combination of cryogenic treatment and fluid aerosol inhalation. Fortunately, we found significant differences in the incidence of OM between the two groups: 42.4% in the intervention group vs 68.6% in the control group when the radiation doses reached 30 Gy, and 78.8% in the intervention group vs 91.4% in the control group when the radiotherapy was completed. Moreover, besides the incidence, the severity of OM was obviously decreased. The intervention group had less severe OM both at the 30 Gy radiation dose and at the completion of radiotherapy. All these results inferred that our new method of low-temperature atomization inhalation manifested a good prevention effect for radiation-induced OM.

Until now, although the incidence of OM was very high, there was no general consensus on the prevention and treatment of it. Cryogenic treatment, involving the placement of ice chips in the mouth, was recommended to prevent OM in patients receiving bolus 5-Fu and high-dose melphalan.[@CIT0018] The mechanism might be the vasoconstriction induced by the low temperature ice chips in the mouth. However, some patients felt a physically uncomfortable sensation while holding ice in the mouth for 30 minutes or longer.[@CIT0018] Therefore, we modified cryogenic treatment to low-temperature atomization inhalation, which would decrease the uncomfortable sensation significantly. The patients in the intervention group accepted low-temperature atomization inhalation comfortably, and there was no adverse reaction to it. This means that low-temperature atomization inhalation is an acceptable and safe treatment method.

As another option, low-level laser therapy (LLLT) was recommended for the prevention of OM in adult patients receiving hematopoietic stem cell transplantation conditioned with high-dose chemotherapy in the condition of wavelength at 650 nm, power of 40 mW, and each square centimeter treated with the required time to a tissue energy dose of 2 J/cm^2^ (2 s/point), and for OM in patients with HNC undergoing radiotherapy, without concomitant chemotherapy in the condition of wavelength around 632.8 nm.[@CIT0019] Gautam et al[@CIT0020] also found that LLLT was an effective treatment method to reduce the incidence of severe OM in patients with HNC undergoing concurrent chemoradiotherapy. However, LLLT required expensive equipment and specialized training. So it was difficult to conduct.[@CIT0019] Nevertheless, comparing to LLLT, low-temperature atomization inhalation was very cheap and easy to operate for clinical applications, associated with high patient compliance. It could reduce the incidence and severity of OM and relieve pain for patients. Therefore, low-temperature atomization inhalation should be promoted in clinical practice.

The progression process of radiation-induced OM included five overlapping stages: initiation, up-regulation, amplification, ulceration, and healing. In the initiation stage, many cytokines, including IL-6 and TNF, were secreted to initiate the damage.[@CIT0021] Low temperature could reduce the blood flow and decrease the secretion of IL-6 and TNF-ɑ.[@CIT0006] So the progression process in patients receiving low-temperature atomization inhalation was slowed down. In this study, we found that the onset time for OM in the intervention group was about a 4 days delay than that in the control group. This also manifested the prevention effect of low-temperature atomization inhalation. Although we didn't test the change of cytokines in saliva, we thought low-temperature atomization inhalation must decrease the injury of oral mucosal cells through inducing vasoconstriction and then decreasing the secretion of IL-6, TNF-ɑ, and EGF, in accordance with the references.[@CIT0006],[@CIT0008]

Dryness of the oral cavity is usually accompanied with OM during radiotherapy, mainly due to the irradiation to the salivary glands. In this study, we also included the incidence and severity of dryness of the oral cavity at the completion of radiotherapy as another index. The result showed that, at the end of radiotherapy, the incidence and severity were similar between the two groups (*P*\>0.05). This meant that low-temperature atomization inhalation had no obvious affection on the dryness of the oral cavity.

Receiving radiotherapy as planned without any interruption was very important for a good prognosis in patients with HNC. Interrupting the radiotherapy and prolonging the total treatment time were associated with a poor prognosis. In a study concerning patients with nasopharyngeal cancer undergoing concurrent chemo-radiotherapy, Yao et al[@CIT0022] found that patients with an interruption over 5 days during radiotherapy would have a significantly lower rate of local relapse-free survival compared to those with an interruption of less than 5 days (83% vs 97%). Therefore, they recommended to pay special attention to radiotherapy interruption. In our study, two patients suffered from severe OM interrupted radiotherapy in the control group, while all patients in the intervention group achieved radiotherapy as planned without any interruption. The interruption of radiotherapy was associated with great damage to the patients' physical and psychological statement, and indicates that the radiotherapy can't administer smoothly. This confirmed that low-temperature atomization inhalation was helpful to administer radiotherapy as planned, and might be associated with good treatment results.

In summary, our results confirmed that low-temperature atomization inhalation was a simple and effective method for the prevention of radiation-induced OM without any adverse reaction for patients with HNC undergoing radiotherapy.

Conclusions {#S0005}
===========

Low-temperature atomization inhalation can reduce the incidence and severity of OM, and slow down the progression process. It can be used as a new prevention method during radiotherapy and should be promoted in clinical practice.
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[^1]: **Abbreviations:** BMI, body mass index; ECOG, Eastern Cooperative Oncology group; Gy, gray unit.

[^2]: **Abbreviations:** Gy, gray unit; OM, oral mucositis.

[^3]: **Abbreviation:**OM, oral mucositis.
